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The condensation of 2- tosylaminoindote  and 1-methy l -2 - tosy lamino indol ine  with a roma t i c  
aldehydes gives p r i m a r i l y  t r a n s - 3 - a r y l i d e n e  der iva t ives ,  which exis t  in two t a a t o m e r i c  
fo rms  in solution. 

Depending on the acidi ty of the medium,  1 -a lky l -2 -amino indo les  r e a c t  with a roma t i c  aldehydes to 
give Schiff bases ,  3 -a ry l idene  der iva t ives ,  or  subst i tuted indo lo [2 ,3 -b ] -a -ca rbo l ines  [1, 2]. 

It was found that 2- tosylaminoindole  (I) on heat ing with benzaldehyde in an alcohol solution of acet ic  
acid gives a yellow c rys ta l l ine  subs tance  with the composi t ion C2~H18N~O~S, which co r re sponds  to the prod-  
uct of condensation of one 2- tosylaminoindole  molecule  with one aldehyde molecule ,  to which one can ass ign 
s t ruc tu re  H. 

The signal  of the 3-H proton of the indole r ing  is absent  in the PMR s p e c t r u m  of the product  fin 
CDC13) r e c o r d e d  with a Cameca-250  s p e c t r o m e t e r ,  but there  is a b road  s ignal  at 10.24 ppm (1H) of the 
proton of an N - H  group, a s inglet  at 8.12 ppm of a vinyl proton of a benzylidene group, and an isolated 
doublet (2I-1) o[ a tosyl  group at 7.8 ppm with J = 8  Hz; the s ignals  of the r ema in ing  11 a roma t i c  protons lie 
at 6.92-7.62 ppm, and the singlet  of a CH 3 group is found at 2.4 ppm. 

These  data and the IR s p e c t r a l  data [absorption in the C =N (1640 cm -1) and N-H(3280  cm -1) regions]  
a r e  in good ag reemen t  with s t r u c t u r e  Ha. 
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We ca r r i ed  out this r eac t ion  in dimethyl  sulfoxide (DMSO), alcohol,  a l c o h o l - t r i e t h y l a m i n e ,  alcoholic 
alkal i ,  pyr idine,  ace t ic  acid,  and alcohol sa tu ra ted  with hydrogen chlor ide.  However ,  the chief product  in 
all  cases  was Ha. Compounds Hb-f  were  s i m i l a r l y  obtained (Table 1). 

3-Benzylideneoxindole (VII) of known s t ruc tu re  [9] is fo rmed  when IIa  is subjected to prolonged r e -  
fluxing in an alcohol solution of HBr or HC1. 

The molecu la r  ion peaks in the m a s s  s p e c t r a  of IT have low intensi t ies  (0.9-10/0), i .e. ,  the molecule  
displays  low s tabi l i ty  with r e s p e c t  to e lec t ron  impact .  The chief p roces s  in the f ragmenta t ion  of the m o -  
lecular  ions was c leavage of the C - S  bond to give the m a x i m u m  ion C?H7+ ( m / e  91). In addition, another  
cha r ac t e r i s t i c  p roces s  is e l iminat ion of the tosyl  group to give intense F l ions (M - 155)+, which then e l i m -  
inate a hydrogen a tom and, probably ,  f o r m  a r e a r r a n g e d  benzo-c~-carbol ine  ion IF 2, (M -156)+] .  Because 
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T A B L E  1. 3 - A r y l t d e n e - l - t o s y l a m i n o t n d o l e s  
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T A B L E  2. In tens i t i es  of the P r inc ipa l  Ions (in% re l a t ive  to  Imax) 
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Fig.  1. UV absorp t ion  s p e c t r a  (in 
ch lo ro fo rm}:  1) 3 - b e n z y l i d e n e - 2 - t o s y l -  
aminoindole ;  2) 3 - b e n z y l i d e n e - 2 - / N -  
me thy l tosy lamino) indo le ;  3) 3 - b e n z y l -  
i d e n e - 2 - t o s y l a m t n o -  1 -methy l indo l ine .  

N-H 

5, ppm 
Fig.  2. PMR s p e c t r u m  of 3 - ( p - i s o p r o p y l -  
benzy l i dene ) -2 - t o sy l amino indo l e  (in d e u t e r o -  
ch loroform} r e c o r d e d  with a C a m e c a - 2 5 0  
s p e c t r o m e t e r .  
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of the high stabil i ty of the carboline sys tem with r e spec t  to e lec t ron  impact,  the F 2 ions have high intensi-  
t ies  and undergo subsequent f ragmentat ion only to give F 3 ions by split t ing out of substi tuent 1t [4]. In addi- 
t ion, the format ion of an intense ion with m / e  171, which apparent ly has a tosylamide  composit ion,  is cha r -  
ac te r i s t i c  for  all  II. 
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Thus the fragmentat ion of the products of condensation of 2- tosylaminoindole is in agreement  with 
the proposed s t ruc tu re  (IIa-f) of the compounds (Table 2). 

The UV spec t ra  of ch loroform and DMSO solutions of II and HI have cha rac t e r i s t i c  absorption bands 
at 260-280 and 340-380 nm, i .e. ,  with r e spec t  to the position of the absorpt ion maxima and the type of curve  
they a re  s imi la r  to the spec t ra  of 3-ary l idene-2-aminoindoles  and 3-aryl ideneoxindoles  [2, 3]. 

One can conceive of the exis tence of th ree  t au tomer ic  forms for the f r ee  2-aminoindole base.  Kebrle  
and Hoffmann [6], on the basis of UV and IR spec t roscopic  data and the r e su l t s  of measurements  of the pK a 
value, establ ished that ,  of these  tau tomer ic  fo rms ,  the indolenine fo rm is predominant.  Later ,  Bailey and 
Buckley [7] and Harman and co-worker s  [8] r epor t ed  that the equi l ibr ium of amines I in deutera ted chloro-  
fo rm is cha rac te r i zed  by a tautomer  ra t io  close to 1 : 1. 

The 3-aryl idene  der ivat ives  that  we obtained in this r e s e a r c h  may exist  in two forms - I I  and III. A 
compar ison of the UV spec t ra  of the synthesized compounds with the spec t ra  of model compounds methyl-  
ated at one or  the other  ni trogen atom (IV and V), i .e . ,  fixed HI and II fo rms ,  respec t ive ly ,  provides  evi-  
dence that the investigated substances exist  p r imar i ly  in the II fo rm in ch loroform andDMSO solutions (Fig. 
1). The 3-(p-dimethylaminobenzylidene) derivat ive of 2- tosylaminoindole,  which exists  p r imar i ly  in the 
IIIb fo rm in ch loroform solution [UV spec t rum,  ~'max (CHC13): 264, 329, and 476 nm (log e 4.28, 3.66, and 
4.32); IR spec t rum (CHC13): C =N 1615, 1640 cm-1; N - H  3380 cm-1], consti tutes an exception to this ,  and 
this is evidently associa ted  with specif ic  solvation by the solvent.  
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With the exception of the 3-(p-ni t robenzylidene)  der ivat ive,  the investigated compounds also exist  in 
the H f o r m  in the crys ta l l ine  s tate ,  inasmuch as intense bands of s t re tching vibrat ions of C =N (1630-1640 
cm -1) and N - H  (3280-3295 cm -1) groups a re  observed  in their  IR spec t r a  (in minera l  oil). Based on the 
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data f r o m  the IR s p e c t r a  of model  compounds IV and V and their  3-aryl ideneoxindole  analogs [3], s t ruc tu re  
III  has C =N (1600-1620 c m  -i) and N - H  (3310-3340 cm -1) absorpt ion bands.  

Bailey and Buekley [5] have r epo r t ed  that p r i m a r i l y  a compound of the VI type is fo rmed  in the r e a c -  
t ion of 1 -me thy l -2 -a r enesu l f amido indo le s  with a r o m a t i c  a ldehydes,  but,  depending on the acidity of the 
medium,  an admix tu re  of a compound of the IV type may  also be formed.  Our exper imen t s  with unmethyl-  
ated I always gave the 3 -a ry l idene  der iva t ive ,  in which contaminat ion by VI could be detected only c h r o m a -  
tographica l ly  and the contaminant  was eas i ly  s epa ra t ed  by crys ta l l iza t ion .  

A t rans  configurat ion can be ass igned  to the compounds obtained in this r e s e a r c h  on the bas i s  of a 
compar i son  of the phys icochemica l  data with the data r e co rded  for 3-benzyl idene oxindoles (VII) with e s -  
tab l i shed  configurat ions [3]. Analogous compounds obtained f r o m  1-methy l -2 -a renesu l famido indo les  and 
a roma t i c  aldehydes [5] have a configurat ion of this so r t  [5]. 

The PMR s p e c t r a  of deu te roch lo ro fo rm solutions of Ha-f ,  r e co rded  with a Cameca-250  s p e c t r o m e t e r ,  
which makes  it poss ib le  to de te rmine  the percen tage  of impur i t i es  up to 1%, indicate the exis tence a lso  of 
another  i som er i c  fo rm,  and its percen tage  va r i e s  f r o m  3 to 9%. For  example ,  3 - (p- i sopropylbenzyl idene) -  
2- tosylaminoindole  contains 3% of the other  i s o m e r  (Fig.  2). The PMR spec t r a  of I Ia -d  r eco rded  with a 
Varian T-60  s p e c t r o m e t e r  do not r evea l  contaminat ion by the second i somer ,  and in the case  of IVb one 
obse rve s  the p re sence  of different  i s om e r i c  fo rms  in the s p e c t r a  r e co rded  even with this s p e c t r o m e t e r .  
This  was a lso  demons t ra ted  by means  of two-dimensional  ch romatography  with the use of the s a m e  solvent 
s y s t e m  [ b e n z e n e - e t h y l a c e t a t e  (4 : 1)] in both di rect ions .  The i somer  (82 : 18%) was de te rmined  by means  
of the PMR s p e c t r u m  by compar i son  of the intensi t ies  of the cor responding  s ignals .  

E X P E R I M E N T A L  

The IR s p e c t r a  of minera l -o i l  suspensions  and ch lo ro fo rm solutions of the compounds were  r eco rd ed  
with IKS-22 and UR-10 s p e c t r o m e t e r s .  The UV s p e c t r a  of ch loroform,  alcohol,  and DMSO solutions were  
r e c o r d e d  with a Cary-15  spec t ropho tomete r .  The PMR s p e c t r a  of deu te roch lo ro form and t r i f luoroace t ic  
acid solutions were  r e c o r d e d  with Vartan T-60,  X-100, and Cameca-250  s p e c t r o m e t e r s  with t e t r a m e t h y l -  
s i lane as the internal  s tandard.  The m a s s  spec t r a  were  r e c o r d e d  with an MKh-1303 s p e c t r o m e t e r  with a 
s y s t e m  for d i rec t  introduction of the sample  into the ion sou rce  (50 eV, 230~ 

3-Benzyl idene-2- tosy laminoindoles .  A mixture  of 1.75 mmole  of 2- tosylaminotndoles  and 3 mmole  
of f resh ly  dist i l led or  r e c r y s t a l l i z e d  a r o m a t i c  aldehyde was s t i r r e d  and ref luxed for 4 h in 5 ml  of abso-  
lute ethanol and 3 ml  of glacial  ace t ic  acid, a f te r  which the mix ture  was cooled, and the resu l t ing  p rec ip i -  
ta te  was r emoved  by f i l t ra t ion,  washed with alcohol,  and r ec ry s t a l l i z ed  f r o m  methanol.  The yield and 
physical  constants  of 3 -benzyl idene-2- (p- tosy laminotndoles )  I I a - f  a r e  given in Table  1. 

3 -Benzyl idene-2- (N-methyl tosy lamino) indole .  S imi lar ly ,  0.095 g of co lo r l e s s  c ry s t a l s  of V, with 
mp 200-203 ~ and Rf 0.44 [Silufol; b e n z e n e - m e t h a n o l  (5 : 1)], was obtained f r o m  0.2 g (0.62 mmole)  of 2- 
(N-methyl tosylamtno)indole  and 0.25 g (2 mmole)  of f resh ly  dist i l led benzaldehyde af ter  heating for 20 h 
on a water  bath. UV s p e c t r u m  (CHC13): k m a  x 278 and 340 nm (log ~ 5.04 and 4.40); inflection Aav 380 nm 
(log s 3.83). PMR s p e c t r u m  (CDC13): 2.8 (3H, s,  TsCH3) , 3.44 (3H, s ,  NCH3) , 7.3-8.1 (13H, m, a ro ma t i c  
protons) ,  and 8.56 (1H, s ,  Ha). Found: C 70.7; H 5.0; N 6.9%. C23H20N202S. Calculated: C 71.2; H 5.2; 
N 7.2%. 

Reaction of 1 -Methy l -2 - tosy lamino  indole with Benzaldehyde and p-Dimethylaminobenzaldehyde.  A) 
3 -Benzy l idene -2 - tosy l imino- l -me thy l indo l ine  (IVa). A s im i l a r  p rocedure  was used to p r e p a r e  the follow- 
ing compounds.  The method gave 0.22 g of IVa with mp 215-218 ~ and Rf 0.52 [Silufol; b e n z e n e - m e t h a n o l  
(1:1)]. UV spec t rum,  Amax (CHCI3): 282, 373, and 410 nm (log e 5.18, 2.25, and 2.24). IR spec t rum:  
1525 and 1575 cm - !  (C =17). Mass spec t rum:  m / e  388 (M+, 1.2%), 233 (M - Ts ,  21%), 232 (100%), and 217 
(232 - CH3, 27%). Also obtained was 0.18 g of b i s [1 -methy l -2 - tosy lamino-3- indo ly l ]pheny lmethane  (VI) 
with mp 198-199 ~ (from benzene) (mp 199 ~ [5]). 

B) A 0.2-g (0.6 mmole)  sample  of 1 -methy l -2 - tosy lamino indo le  and 0.2 g (1.3 mmole)  of p -d[methy l -  
aminobenzaldehyde were  dissolved by heating in 5 ml of alcohol containing hydrogen chloride,  af ter  which 
the mix tu re  was heated for 1 h. The prec ip i ta ted  c rys t a l s  were  sepa ra ted  and washed with aqueous alcohol 
to give 0.26 g (91%) of r ed  c rys t a l s  of IVb with mp 146-152 ~ IR spec t rum:  C =N (1530 and 1600 cm-1). 
UV s p e c t r u m  (CHC13): ~.max 271, 332, and 471 nm (log s 3.20, 2.41, and 3.18). PMR spec t rum (CDC13): 
2.33 (3H, s,  TsCH3) , 3.43 (3H, s,  NCH3) , 3.03 [6H, s,  N(CH3)2] , 6.31-8.0 (12H, m,  a roma t i c  protons) ,  and 
8.61 (1H, s,  Hb) , Mass s p e c t r u m ,  m / e :  431 (M +, 16.7%), 276 (M - Ts ,  100%), 261 (M - TsCH3, 16.8%), 
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230 [M - Ts - N(CH3)2j 9%], 155 (C10HTN2, 3.370), 145 (300 - Ts,  60%), and 91 (50%). Found: C 69.8; H 5.7; 
N 9.5%. CmH25N202S. Calculated: C 70.2; H 5.9; N 9.7%. 

3-Benzylideneoxindoles.  A mixture  of 0.1 g (2.7 mmole) of IIa and 3 ml of an alcohol solution of hydro-  
gen chloride was ref luxed for 12 h, a f te r  which it was cooled, and 10 ml of hexane was added. The prec ip i -  
ta ted c rys t a l s  were  separa ted  and r ec rys t a l l i z ed  f rom hexane to give 0.05 g (85%) of a product with mp 134 ~ 
(mp 134 ~ [9]). IR spectrum: C =O (1700 cm- t ) .  
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